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NOMENCLATURE

A projectile reference area, m d*/4

a speed of sound

CcG SPIN73 label - center of gravity. calibers from nose
C, rolling momert coefficient, 2/1/2pV?Ad

CLP SPIN73 label - see Equation 6

C, pitchin_ moment coefficient, m/ (1/2pV*Ad)

CMA SPIN73 label - see Equation 3

CcMQ SPIN73 label - see Equation 3

CN normal force coefficient, N/ (i/2pV2A)

Cn yawing moment coefficient, n/ (1/2pVZAd)

C'n Magnus contribution to Cn

CNA SPIN73 label - see Equation 2

CNPA SPIN73 labe! - see Equation 5

CNPA3 SPIN73 label - see Equation 5

CNPAS SPIN73 labei - see Equation 5

CNPAT5] SPIN73 label ~ Magnus moment secant slope per radian

at 5° total angle of attack

CPF[1] SPIN73 label - center of pressure of Magnus force,
calibers from nose at 1° total angle of attack

CPF o] SPiN73 iabei - center of pressure of Magnus force,
calibers from nose at 5° angle of attack

CPN SPIN73 label - center of pressure of normal force,
calibers from nose

CX SPIN73 label - zero total angle of attack axial force
coefficient, see Equation 1

C, axial force coefficient, X/ (1/20V3A)

X2 SPIN73 label - see Equation 1

CYPA SPIN73 label - see Equation 4

cy Side force coefficient, Y/ (1/2pV?A)

Cc’ Magnus contribution to C

<
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projectile reference diameter

axial moment of inertia of prnjentite about #xis of

symn.etry

transverse moment of tnertia of projectile anout ¢.g.

SPIN73 abe’ - IA ,

SPIN73 labei - IT

projectile over-all lenath

roliing moment :

pitching moment about c.g

Mach number, V/a

normal farce

yawing moment about <.g.

spin rate

ron-dimensionzi spin rate, pd/2V

pitch rate 3

non-dimensional pitch rate, qd/2Vv

yaw rate

non-dimensional yaw rate rd/2V, or range
flight velocity

projectile weight

axial force

axial distance from projectile nose to center of gravity,
calibers

side force
total angle of attack

air density
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A-2v

A-21

M110 self-p-opelled huwilzer, 8-irch,
firing XM711

M110 self nropelled how 'tver. 2-inch,
firing XM65vuE4

M110 self-prepelled howitzer, 8-inch,
firing >IM753

M110£2 self-propelizd howitzer, &-inci.
firing XM71,

MITOE2 self-propelied nowitzer, 8-inch,
tirina XMe! €4

M110E 2 seli-propelled ho vitzer, 8-inch,
firing AM753
SPIN?3 recticted Azrodynarnic Ceefficients
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-1 4.2 .nch M329A1
C-2 U4.2-inch M™29A1
E-3  4.2-ircn M328A1
8- 4.2-iach M328M
3-5  d4.2-inch M3335.0
E-€ 4.2-wuch M335A1
b7  4.2-inch M320A0
5-8  105mm M (FE)

105mnr. M60 (WP;

1252m M60 (qeés

1A5mm Me4, B,

without extension
witlt exlension
without extensicn
with uxtension
withe:at excension
w.l, extension

M325ACT)

or smoke)

BE {smok2)

146
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149
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173

174
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178

1798

180

181




B-23

B-24

n-25

B-27

B-28

B-29

B-30

B-31
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105mm

105mm

T05mm

105mm

105mm

105mm

155mm;

155mm

185mm

155min

155mm

155r'm

155mm

155mm

155mm

155mm

155mm

155mm

155mm

155mm
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M314ATET (illum)

Muldy (ICM)

XM710 (ICM)

MS5U48E1 (RA off)

M548E1 (RA on, launch)
M548E1 (RA after burn-out)
M107 (HE)

M110 (WP)

M1i0 (Gas)

M116 (wht smoke)

M116 (clrd smoke)

121, M121A1 (chemical)
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15-33  155mm

B-2% 155mm

B-35 155mm

B-36 175mm

B-37 8- Inch

E-38 8-Inch

B-3¢ g2-Inch

B-45 8-Inch

B-46 8-inch

B-47 8-Inch

B-48 8-Inch

XM718/XM741 (AV)
XiA692/XM731 (AP)

XM687 (blk can)

M437A1, MU37A2 (He)

M106 (HE)

M426 (chemical}

M422 (atomic)

M424 (atomic spt)

Muoy (ICM)

MSOSTT (ICM)

XMG650E4 (RA, launch)
XM650EL (RA, after burn-out)
XM711 (HE)

XM753 (atoric RA, launch)
XM753 (atomic RA, after burn-out)

XM736 (blk con)

Cannon-Launched Guided Projectile Aerodynamic Data

XM712 AD configuration
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INTRODUCTION

This study was undertaken to provide an aeroballistic data base for
Project HOWLS (Hostile Weapons Location System), an ARPA initiated task
administered by the Linccln Laboratory of the Massachusetts Institute of
Technologv. The term aeroballistic here is used in a very broad sense as
the study was initially intended to cover both US and USSR projectile
characteristics: dimensions and inertial properties, trajectories, zoning,
dispersion, and aerodynamic coefficients; control aeroballistics: experi-
mental and analytical statusof spinning projectiles with aerodynami« con-
trol surfaces (especially canards); present and projected fuze d-esians;
qun launch environments and hardenina capabilities (especially sensors);
and terminal ballistics and effects: lethality, vulnerability, and sensi-
tivity coefficients.

The tasks discussed above were to have been completed by the end
of January 1976 (nine months from the starting date of 1 May) . Changes
in FY 1976 funding for the entire HOWLS program resulted in Lincoln
Laboratory requesting in September that work be halted at that point and
thai whdaiever had been accompiished up to that point be reported.

In order to make this repo: more widely useable, it has been divided
into a main report and an addendunm:. The main report contains no classified
information. All of the classified information is in th~ addendum; this in-
cludes some range information on US rounds currently being developed
and all of the information on Soviet munitions.

The reprogramming of funds by the HOWL3 Projzc. sponsor resulted in
funding being directed to other tasks than this one. The effect of this is dis-
cussed where appropriate in this report. A useful data bass has been created
which can be extended to its tull capability at a later time.

DISCUSSION
Aeroballistic Characteristics

Weapons and Projectiles

The main published sources of information on US Army weapons in
use at the present time and the plans for the future are References 1 and
2. These references should certainly be obtained as part of the overall
program.
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The indirect fire weapons currently considered to be active (some
reserve units and US allies may still be using others) are:

1. 4.2 inch: M30 Mortar

2. 105mm: MI101A1 Towed Howitzer, M102 Towed Howitzer
(air mobile);: M108 Self-Propelled Howitzer (cnly in some active National
Guard and US Army Reserve units)

3. 155mm: M109 Self-Propelled Howitzer (conversion toc M109A1
expected to be completed by FY 1976, one-half had been convertiad as of
October 1974), M109A1 Self-Propelled Howitzer, M114A1 Towed Howitzer;

4. 175mm: M107 Seif-Propelled Gun (wiil be phased out when
M110E2 is available)

5. 8-inch: M110 Self-Propelled Howitzer.
The future mix of weapons is expected to be:

1. 4.2 inch: M30 Mortar

2. 105mm: XM204 Tov-ed Howitzer

3. 155mm: XM198 Towed Howitzer, M109A1 Self-Propelled
Howitzer

4. 8-inch: M110E2 Self-Propelled Howitzer

The various types of indirect fire projectiles currently being uced
in and supplied to the field for these different weapons systems were
determined from a variety of sources. Among these sources were:
Department of the Army publications (Ref 3-17), Ammunition Devzlopment
and Engineering Diractorate (ADED) at Picatinny Arsenal, Ballistic
Research Laboratories, Edgewood Arsenal, and the US Army Field Artillery
School. The results are shown in Table 1.
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Table 1

Currently active fielded projectiles (US)a

Bore size Projectile designation Type
M329A1 High Explosive (HE)
4.2 inch M329A1E1 HE
(Moitar) M3284.1 White Phosphorus (WP)
M335A1 IMuminator (11lum)
M1 HE
Me60 Gas
MGO Smoke
105mm Me0 wp
M3714A2E1 1Hum
Mugy Improved Conventional Munition
(ICM}
Ms548 HE, Rocket Assisted (RA)
M107 HE
M110 Gas
% M110 WF
M121A1 Chemical
155mm MUy8sE1, E2 1Hum
Mu49, E1, E2 ICM
M549 HE, RA
Mysy Atomic
Mug3A1 ICM
175mm Mu37A9, A2 HE
M106 HE
My2s Chemical
8-Inch Muny ICM
Mu22 Atomic
M424 HES

The corresponding avaiiable data for Soviet weapons and projectiles is
in Tahle 1A of the Addendum.

S projectiles not vet released or still under development are listed
in Tzble 2.
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Bore size

105mm

155mm

8-Inch

IR

&4

Table 2

Projectiles in development (US)

Projectile designation

XM710

XM708E2, E3
XM718/7m1
XM692/731
XMe687
AM712

XM6E50EY
XM711
XM509
XM736
XM753

Type
ICM

HE

AT (antitank)

AP (antipersonnel)
Bulk Cannister

Cannon Launched Guided Projectile
(CLGP)

HE. RA

HE

ICM

Bulk Cannister
Atomic, RA

e BEEARNES R
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Projectile Dimensions and 'neitiai Preserties

This section preserts thie best daw: ¢currently availabie. They
represent contributions from many sect-ans of Ficatinny Arsenal, Ballistic
Research Laboratories, Yuma Froving Groeunl, ana Fdygawood Arsenal.

It must be realized that both production and davelepinental projoctites
change in these characteristics. Many of the tielaed ana stock-piled pro-
jectiles were ueveloped at a tima when ciose attenticn o shipe and inertial
properties was not considered necessary ana tnerafore the measvrements
available are both tow in number and old (Ref 18 and 19} . i"roduction
lots also vary in hese characteristics due both w0 "min " changes rmade
over the years and changes in the method of rignuifacture and of manutacturer.
The developmental projectiles are exactly that and, hence, ate subject to
changes in properties during the development cycle. At of this is in
addition, in bouth the above cases, to the normal deviations te be expectied
fromi round to round. A' values given are th2 nominal values

With these caveats in mind, the piojectile dimensions and nertiai
properties are given in Table 3 to 7. The propearties listed are 2is0 definad
in Figure 1. The tabulated dimensions are ail given in calibers (center of
gravity is from the nose, where nose means the tip of the fuze and an
exterior length of 3.75 inches was used for the fuze) excent for the shell
diameter (DIA) which is given in inches. Weight is tabulated in pounds
and the moments of inertia are in pounds-inches squared. A faw chell
which are being or have been deleted from the inventory and, therefore,
do not appear in Table 1 are included in these tables to provide a mor e

complete data bank.

The data for Soviet projectiles are presented in Table 2A which is in
the classified Addendum to this report.

One often hears the nomenclature in this area used loosely and inter~
changeably. To be exact, a "Charge" is a standardized amount of a par-
ticular propellant which produces a desired muzzle velocity for the pro-
jectile and weapon under consideration. A "Zone" is the distarce on the
grourid between the range at maximum range quadrant elevation and the
range at maximum quadrant elevation for a given charge, projzctile, and

weapon.
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Table 6

Dimensions and inertial propertiestof 175mm
projectiles, M437A1, MU37A2

LOA, cal
ﬂ\
OGL
BTL
XCG {nose)
DMP
DRB
OGR

BML

DBA

W
DBM, cal

DIA, inrhes
(meters)

1A, lb—in2
(kg-m")

IT, lb'ihz
(kg-m")

WGT, 1lb
(N)

*See Fig 1 for definitions.

10

5.48

2.93

1.00

0.080

1.032

25.0

0.713

0.00

6.885

(0.1749)

954.
(0.279)

11800.
(3.45)

147.8
(657.4)
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Table 8

Zoning solutions - muzzle velocity (m/s),

4,.2-inch mortar, FA39

CHARGE EXTENSION M328A1 | M335a1 | M329Al | M329A2
(INCREMENTS) (M329A1EL)
5 No 109 110 108 NA
10 145 145 144 4
15 181 131 180
20 v 217 217 216
25 4/8 No 255 253 256
25 4/8 Yes 229 230 227
30 250 251 248
35 273 274 271 J/
41 Yes 298 297 299 NA
Q NA NA RA NA 9¢.9
A 1 ﬂ\ ﬂ‘ 340.6
10 178.5
15 211..G
20 241.3
25 2568.5
30 ¢ NE \L J 294.4
34 NA NA NA NA 314.9
B

L3
M329A2 uses a different set than the others. Not all
increments are showvn for both sets.
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Table 11
-t

Zoning solution, muzzle velocities, 175mm system
(self-propelled gun, M107, projectile M437A1, A2)

CHARGE MUZZLE VELOCITY
{(m/s)
1G 510.5
(xM124) !
W 510.5 }
(M86A1, A2} :
2w 704.1
(MB6A1, A2} o
W 914.4
(MB6Al, A2)
i
|
|
i
¢.r i
!
|
i
{
1
-y
-
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A Chacye is usualiy also identified by a one or two character alpha-
numeric code fur case of referencing (firing tables, etc.). Quite often there
is more than one type of propellant (the difference can be in either compo-
sition or shape or both) used in the same weapon system. These types
have an official designation also. For example, the 155mm M109A1 Howitzer
currently uses three such propellant types designated as: M3A1, M4Ay,
and M119. There are five different amounts of the M3A1 propellant used
and identified as Charges 1G through 5C; five different amounts of the
MUA2 propellant identified as Charges 3W to 7W; and the M119 propellant
has one charge, Charge 8.

A zoning solution for a weapon system has as its main goal the
assurance of a range over-lap between the zones of adjacent charges or,
at the very least, the avoidance of a gap. Quite often practical aeroballistics
will also affect these solutions since all shell have some Mach number and
quadrant elevation regions where they exhibit lower performance than
over most other regions. A judicious selection of launch velocities can
often help alleviate the effect of such flight regimes and therefore decrease
dispersion and increase effective range.

It can be seen that a zoning solution consists of a set of muzzle
velocities which, in turn, determines the charge (type and amount) for a
specific weapon and projectile.

These zoning solutions have been tabulated for US weapon systems
from the 4.2 inch Mortar to the 8-inch Howitzers in Tables 8 to 12. These
are based on References 3 to 17 and data provided by Firing Tables Branch,
BRL; Yuma Proving Ground; numerous sections of the Ammunition Develop-
ment and Engineering Division, Picatinny Arsenal, and Edgewood Arsenal .
Note that the 4.2 inch Mortar difters from regular artillery weapons in hav-
ing only three quadrant elevations and many muzzle velocities (charge
increments) . Thus, Table 8 has only selected charge increments. If a
complete tabulation is needed, they can be found in References 3 and 4.
The zoning solutions that are available for Soviet weapon systems are in

Table 3A in the classified addendum to this report and so is classified
data on US projectiles.

Rocket assisted projectiles (RAPs) require more than their launch
velocity to be specified in order to predict their range and, hence, their
zones. Therefore, the necessary remaining information beyond that in
the inertial properties tables for before and after burning and the aero-
dynamic coefficients in Appendix B are presented here in Table 13 for US
RAPs (insufficient data is available on Soviet RAPs) .
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Table 13
Rocket assisted projectile thrust data

Delay time® Burn time Thrust Drag form factor

Projectile (sec) (sec) {Ib) {during burning)
M5u8 14. 2.3 92.5 1.00
Ms49 7. 2.5 558.0 1.00
XM650EY 7. 3.0 786.5 0.96
XM753 7. 3.0 786.5 0.96

a_.. L
Time from launch to motor ignition
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Zoning information for the XM712 is also available from the trajectory

data in that section of this report and in the zoning section of the Addendum.

Dispersion

The US Arimy has standardized upon the probable error as the
measure of dispersion. Range and deflection dispersion are treated as
separate one-dimensional problems. Since a probable error in range or
deflection is defined as the distance on both sides of the mean point of
impact (MPI) which together will include (in a statistical sense) 5C% of
the rounds fired, a one-dimensional probable error is 0.6745 of the un-
biased standard deviation.

These probable errors, range and deflection, are tabulated in
References 3 to 17 in their supplementary data tables. They are also shown

in the probable error columns in the compacted firing tables in Appendix A
of this report.

"Firing table" values are usually the smalfest measure of dispersion
Various other measures of dispersion are thoroughly discussed in Reference
1 and the pertinent excerpt is inciuded here verbatim. The only changes
have been to include some curves of the "firing table" values (these are
labeled "precision" since they conform to that definition in Reference 1) on
their graphs and to adjust figure and reference nomenclature.

"One of the most confusing field artiilery performance
characteristics is the delivery accuracy. Table 14 lists both
the precision and MPI probable errors for conventional and
extended range projectiles. Precision is the scatter of burst
points abnut the mean point of impact (MPI) of a group of
rounds fired from a single weapon on a single occasion from
a single site. The MPI is the mean range and mear deflection
of a set of impact points. If the rounds are fuzed for nir
bursts, the mean burst height is also included. The MPI
is not necessarily the aimpoint or target. The probable
error in precision is usually expressed in meters (m)
measured from the MPl  f, for example, at a certain
range 50 percent of the projeciiles fall between the mean
range pluz 19 m and the mean range minus 10 m, the
precision probable error in range is 10 m at that specified
range. The listed precision errors are given in units of
percent range (range at which measurement is valid) ancd
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